Background Lumbar discectomy has been shown to be clinically beneficial in numerous studies for appropriately selected patients. Some patients, however, undergo revision discectomy, with previously reported estimates of revisions ranging from 5.1% to 7.9%. No study to date has been able to precisely quantify the rate of revision surgery over numerous years on a national scale. Questions/Purpose We performed a survival analysis for lumbar discectomy on a national scale using a lifetable analysis to answer the following questions: (1) What is the rate of revision discectomy on a national scale over 5 to 7 years for patients undergoing primary discectomy alone? (2) Are there differences in revision discectomy rates based on age of patient, region of the country, or the payer type? Methods The Medicare 5% National Sample Administrative Database (SAF5) and a large national database from Humana Inc (HORTHO) were used to catalog the number of patients undergoing a lumbar discectomy. Both of these databases have been cited in numerous peer-reviewed publications during the previous 5 years and routinely are audited by PearlDiver Inc. We identified patients using relevant ICD-9 codes and Current Procedural Terminology (CPT) codes, including ICD-9 72210 (lumbar disc displacement) for disc herniation. We used appropriate CPT codes to identify patients who had a lumbar discectomy. We analyzed patients undergoing additional surgery including those who had repeat discectomy (CPT-63042: laminotomy, reexploration single interspace, lumbar) and patients who had additional more-extensive decompressive procedures with or without fusion after their primary procedure. Revision surgery rates were calculated for patients 65 years and older and those younger than 65 years and for each database (Humana Inc and Medicare). Patients from the two databases also were analyzed based on four distinct geographic regions in the United States where their surgery occurred. There were a total of 7520 patients who underwent a lumbar discectomy for an intervertebral disc displacement with at least 5 years of followup in the Each author certifies that he or she has no commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. HORTHO and SAF5 databases. We used cumulative incidence of revision surgery to estimate the survivorship of these patients. Results In the HORTHO (2613 patients) and SAF5 (4907 patients) databases, 147 patients (5.6%; 95% CI, 1.8%-9.2%) and 305 patients (6.2%; 95% CI, 3.5%-8.9%) had revision surgery at 7 years after the index discectomy respectively. Survival analysis showed survival rates greater than 93% (95% CI, 91%-98%) for all of the cohorts for a primary discectomy up to 7 years after the surgery. Conclusions Our study shows rates of cumulative survival after an index lumbar discectomy with revision discectomy as the endpoint. We hope these data allow physicians to offer accurate advice to patients regarding the risk of revision surgery for patients of all ages during 5 to 7 years after their index procedure to enhance shared decision making in spinal surgery. These data also will help public policymakers and accountable care organizations accurately allocate scarce resources to patients with symptomatic lumbar disc herniation. Level of Evidence Level III, therapeutic study.
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Introduction
Discectomy with and without laminectomy has been shown to be beneficial in numerous studies [10, 11, 16, 20, 22, 24] . Indications for the procedure include radiculopathy and progressive neurologic deficit in the presence of imaging confirming neural compression from a disc herniation. For patients who undergo this type of surgery, return to the operating room for a repeat discectomy may represent a failure of the original surgery to satisfactorily resolve a patient's symptoms [10] , or alternatively, may indicate a new or recurrent herniation [10] . Gaston and Marshall [10] studied 993 patients after discectomy at a single institution and reported a rate of revision surgery of 7.9% at 10 years followup, which is in the range reported by others (Table 1) [2, 3, 6, 9, 10] . The studies specifically deal with microdiscectomy procedures and therefore typically are less invasive than a larger laminectomy procedure.
National databases allow the opportunity to analyze a large group of patients to determine clinical and financial information regarding patients with a specific condition or who undergo a defined surgical procedure [17] . Studies using claims information from the Medicare database and private payer databases have been used in various clinical settings [13, 14, 21] . These databases are powerful tools to gain clinical and financial insights regarding medical care in a diverse patient population. Specifically, by using these databases we wanted to better define the rate of revision discectomies. Current studies suggest a revision discectomy rate between 5% to 7.9% and given that the estimated number of discectomies for Medicare patients in 2002 was approximately 89,320 based on Medicare estimated population, the number of revision discectomies would be estimated at between 4400 and 7056 [5, 23] . This not only represents a large range in terms of the number of procedures, but also the cost related to revision discectomies to the healthcare system.
We wanted to analyze revision rates for discectomy using two epidemiologic databases (Humana Inc and Medicare) to answer two questions: (1) What is the rate of revision discectomies on a national scale over 5 to 7 years for patients undergoing primary discectomy alone? (2) Is the survival rate for primary discectomy different for patients based on age of the patient (65 years old and older versus those younger than 65 years), region in which the primary discectomy takes place, or the payer type?
Patients and Methods
We queried the Humana orthopaedic private payer database (HORTHO) and the Medicare 5% national sample administrative database (SAF5) to identify patients who Both of these studies included only patients undergoing a microdiscectomy procedure rather than a larger open procedure.
had undergone an intervertebral disc excision. This search was performed using software from PearlDiver (PearlDiver Inc, Colorado Springs, CO, USA). This database is compliant with all regulations associated with the Health Insurance Portability and Accountability Act (HIPAA) as all patient identifiers were removed from clinical and financial information. Furthermore, since all patient information was deidentified and involved patients across the country, no institutional review board approval was required for this study. We used ICD-9 codes and Current Procedural Terminology (CPT) codes to identify patients who had undergone a lumbar discectomy ( Table 2 ). The HORTHO database has patient information from 2007 to 2015 and the SAF5 database has patient information from 2005 to 2014. The SAF5 and HORTHO databases can be queried for regional variation. These set regions are based on four geographic regions in the United States. These predefined regions include the Northeast, West, Southeast, and Midwest. A patient is included in a certain region based on their surgical location. To allow for a reasonable followup, only patients who were enrolled in the SAF5 and HORTHO databases for at least 5 years after their index procedure were included in our analysis. We performed a separate analysis to determine the rate of dropout from the Medicare and Humana databases. We examined the differences regarding age, geographic region, comorbidities, and rate of revision surgery between those who had 5 years of followup data versus those who dropped out of the database before years after their index procedure. Comorbidities were measured based on the Charleston Comorbidity Index. Both of these databases have been audited for accuracy based on patient record audits, provider payment integrity audits, on-site audits, and desk audits as detailed on the PearlDiver Inc website [19] . Our query was performed by first selecting patients with an intervertebral disc herniation by searching for ICD-9 72210 (lumbar disc displacement). We then used CPT-63030 (laminotomy with decompression of nerve roots and/or excision of herniated intervertebral disc) and CPT-63056 (transpedicular approach with decompression of nerve roots through removal of herniated intervertebral disc) to select patients who had a lumbar discectomy. To ensure that these patients were only being treated with a primary lumbar discectomy at one level on the day of surgery, any patient with codes related to multiple-level disc herniations, spinal instrumentation, and arthrodesis were excluded if the code was billed on the same day or before the lumbar discectomy code. If, however, a fusion or multilevel decompression was coded for a patient after their initial decompressive surgery, then these patients Excluded if they were billed before or on the same day as lumbar decompression surgery. If a patient had any of these codes billed after the decompression, they still were included in our study.
CPT-63042
Laminotomy (hemilaminectomy) with decompression of nerve root(s) including partial facetectomy foraminotomy and/or excision of herniated intervertebral disc; reexploration single interspace; lumbar
Included for revision cases were still included in our analysis. These exclusion and inclusion criteria allowed us to isolate patients with a primary discectomy (Table 2) . We then queried the databases to determine how many patients were billed for a repeat discectomy after the index procedure. The timing of when this procedure was billed also was noted. This revision procedure was defined as the event of interest. To identify all patients who had a revision procedure, two separate survival analyses were performed. We used CPT 63042 (laminotomy, reexploration single interspace, lumbar) as the sole CPT code defining a revision procedure in our revision discectomy analysis. However, we were concerned that some patients may have had a revision procedure with codes related to lumbar arthrodesis and primary decompression, but not specifically CPT 63042. Therefore, using a broader group of revision CPT codes we performed a separate survival analysis on our cohort of patients. This group of patients was considered to have had revision surgery if they had any additional nondiscectomy lumbar surgery ( Table 2 ). The algorithm for our database query only branches at the very end between patients who solely had a revision decompression procedure versus those who required a nondiscectomy lumbar revision procedure (Fig. 1) .
For the survival analysis, we created a ''life table'' of surgical results. The annual revision rate was calculated from the number of revisions performed during a year divided by the number of patients with an unrevised lumbar discectomy at the start of the period of interest. Cumulative revision rates were determined from the number of patients with an unrevised lumbar discectomy divided by the total number of patients who underwent a lumbar discectomy. We used the Rothman exact method to calculate the 95% CI for each cumulative rate of survival at each time [10] . We compared the revision rate during 7 years using a zratio for the significance of the difference between two ratios. A chi-square test was used to test whether the rate of revision surgery differed significantly between geographic regions. To answer whether survivorship differed based on payer type, the SAF5 and HORTHO database results were compared. We used the z-ratio for the significance of the difference between the two independent proportions (survivorship between the SAF5 and HORTHO databases) when comparing survivorship between payers. This same methodology was used when comparing data from cohorts of patients with less than 5 years of followup data and those with greater than 5 years of followup in each database.
There were a total of 7520 patients included in the HORTHO AND SAF5 databases who underwent a lumbar discectomy for an intervertebral disc displacement and had at least 5 years followup. There are substantial differences in the overall patient population of the HORTHO and SAF5 databases. For instance there are older patients in the SAF5 database and there is a higher portion of patients from the South in the HORTHO database (Table 3) . However, there are still a substantial portion of patients younger than 65 years in the overall SAF5 database (14%). These trends in age are largely continued when examining the lumbar decompression cohorts in the SAF5 and HORTHO databases (Table 4) . Records for 2613 patients who had a lumbar discectomy with at least 5 years followup were included in the HORTHO database and records for 4907 patients who had a lumbar discectomy with at least 5 years followup were included in the SAF5 database.
Results
The HORTHO survivorship free from revision discectomy rate was 94% (2466 of 2613 patients; 95% CI, 91%-98%). When additional nondiscectomy lumbar surgery codes were included, the survivorship free from revision surgery Fig. 1 The breakdown of the two analyses of discectomy revision rates is shown. The patients were first selected for lumbar disc herniation, then selected for a lumbar discectomy.
In the revision discectomy analysis, only patients with CPT-63042 were considered as having a revision discectomy. In the second analysis, additional nondiscectomy codes were included in the revision surgery definition.
decreased to 85% (2226 of 2613 patients; 95% CI, 82%-89%). The SAF5 survivorship free from revision discectomy was 94% (4602 of 4907 patients; 95% CI, 91%-97%). When additional nondiscectomy lumbar surgery codes were included the survivorship free from revision discectomy was 83% (4085 of 4907 patients; 95% CI, 81%-86%). The life table of surgical results for the HORTHO and SAF5 databases shows high levels of survivorship at 7 years followup. There were higher survivorship rates when using a revision discectomy alone as a reoperation event (Table 5 ) and lower survivorship when nondiscectomy lumbar surgery codes were included as a revision procedure ( Table 6 ).
The revision discectomy rate was higher for patients younger than 65 years (6 A breakout survival analysis was performed to observe the rate of revision surgery for patients younger than 65 years. The annual revision rate for this cohort of patients is high at Year 1 and declines during each subsequent year (Table 7) . This same pattern of higher revision rates at Year 1 with subsequent drop in revision rate afterward is seen when additional nondiscectomy lumbar surgeries are included as a revision procedure ( Table 8 ). The survival curves for patients younger than 65 years in the HORTHO database, the overall HORTHO database, and the SAF5 database show the same overall trend although the lowest survival rate is for patients younger than 65 years (Fig. 2) . There was no difference in revision discectomy rates across geographic regions (p = 0.41) at greater than 7 years (Table 9) . Similarly, there was no difference in additional nondiscectomy lumbar surgery rates (p = 0.68) across geographic regions over 7 years (Table 9 ). There was no difference in revision discectomy rates between patients covered by Medicare (6.22% [95% CI 3.33%-9.10%], 305 of 4907) versus Humana (5.63% [95% CI, 1.68%-9.57%], 147 of 2613) (p = 0.31).
A separate analysis was performed to analyze the cohort of patients who did not have the full 5 years followup after their initial decompression surgery. There was a significant portion of patients in the SAF5 database (7078 patients) who had a primary discectomy, but did not have sufficient 5 year followup in the Medicare database (Table 10) . Similarly, there was a large portion of patients in the HORTHO database who did not have 5 years followup (18,803 patients). In the SAF5 database, there were relatively small differences in age and region between the group lost to followup and those with 5 years of followup. There was a significantly higher rate of revision surgery for patients in the SAF5 database who had full 5-year followup data compared with patients lost to followup. There was a larger portion of younger patients in the group lost to followup in the HORTHO database. Regional differences were small between the cohort lost to followup and those with 5 years followup (Table 11) .
Discussion
The previously published data regarding revision rates of discectomies involve a relatively small number of patients from a small number of institutions [9, 10] . Given that discectomy and lumbar decompression surgeries are common procedures, the rate of revision discectomies is vital to precisely define the survivorship of a primary discectomy or lumbar decompressive procedure. This is important not only to accurately calculate possible costs related to revision surgery, but also to better inform our patients regarding the risks associated with the primary surgery. We sought to determine the rate of revision discectomy on a national scale and analyze differences in revision discectomy rates based on age of the patient, region of the country, or the payer type. We were able to calculate the survivorship of a lumbar discectomy, which ranged from 91% to 94%, and was higher for patients younger than 65 years when revisions were solely defined as lumbar decompression procedures. The survivorship did not vary based on payer type. The survivorship is lower, however, if the revision surgery includes any type of nondiscectomy-related surgery (83%-85%). This study has limitations as with any review of claims data. As with other large database studies that rely on physician or hospital billing of CPT, ICD-9, and diagnosisrelated codes codes, there are weaknesses related to discrepancies between claims databases and patient HORTHO = Humana orthopaedic private payer database; SAF5 = Medicare 5% National Sample Administrative Database; these data include patients with an additional nondiscectomy lumbar surgery (a larger group of revision CPT codes); cumulative rate of survival is 83% at 7 years; there was a lower cumulative survival rate when using an expanded definition of revision CPT code; LB = lower bound; UB = upper bound; *Year 7 figures represent all revisions done after 7 years from the original surgery. chart reviews [4] . Hospitals and providers, however, have a vested interest in accurately portraying charges for thirdparty payers to avoid fraud allegations and to be appropriately compensated for their work. In addition, given the complexities of CPT coding, we had to assume that if a patient had the ICD-9 code related to intervertebral disc disorder inserted on their chart on the day of surgery, then the lumbar decompression included a discectomy when using the specific CPT codes listed above (ie, CPT-63030 or CPT-63056). While the patient population described in this study is large, it is representative of the United States alone and may not apply to other nations or communities. It HORTHO = Humana orthopaedic private payer database; SAF5 = Medicare 5% National Sample Administrative Database; these data include patients who had revision surgery only, with CPT-63042. LB = lower bound; UB = upper bound; the rate of revision goes down significantly over the years; there were high cumulative survival rates throughout the study period; *year 7 figures represent all revisions done after 7 years from the original surgery. *Only revision procedures coded with CPT-63042 included; LB = lower bound; UB = upper bound; the rate of revision goes down significantly over the years. 1  1091  1091  49  4  96  96  90  100   2  1042  1042  29  3  97  93  87  99   3  1013  1013  25  2  98  91  85  96   4  988  988  27  3  97  88  83  94   5  961  961  29  3  97  85  80  91   6  932  932  18  2  98  84  79  89   7+  914  914  12  1  99  83  77  88 *Includes all patients with additional nondiscectomy revision lumbar surgeries; LB = lower bound; UB = upper bound; the rate of revision goes down significantly over the years. Fig. 2A -B The survival curves are shown for (A) patients younger than 65 years and combined total patient results in the HORTHO and SAF5 databases, defining failure as revision surgery coding for CPT-63042. The survival rate stays greater than 90% to 7 years for all three groups. HORTHO young refers to the patients younger than 65 years.
Survival curves are shown for (B) patients younger than 65 years and combined total patient results in the HORTHO and SAF5 databases, defining failure as revision surgery that includes additional nondiscectomy lumbar surgery codes. The survival rate decreases, but never drops below 80%. also is possible that inherent systemic issues in coding are consistent between each database, and may not be accurately accommodated in our data analysis. Furthermore, we acknowledge that there may be some patients with symptomatic disc reherniations who never have revision surgery. Given limitations in ICD-9 and CPT coding, we are unable to accurately track these patients in the databases we used. This study is the first, to our knowledge, to report on a national scale the precise survivorship of lumbar decompressive surgeries involving discectomy and the possible effects of payer type, geographic location, and age on the survivorship for patients. Our overall survivorship data ranged from 91% to 94% when only including lumbar discectomies, which is lower than the results reported by Gaston and Marshall [10] . This is likely because our definition of survivorship was broader. Our study does not differentiate whether reoperations are the result of ongoing unresolved symptoms or are reflective of a symptom-free period with a recurrent herniation. We believe this is a more-accurate definition of survivorship as it reflects whether a surgery was successful in relieving the neurologic symptoms from a disc herniation. A small study found that eight of 41 patients who underwent revision microdiscectomy had revision for a reason other than recurrent disc herniation at the level of the primary disc herniation [18] . These patients (20% of the study cohort) might not have been included as having a revision procedure in previous studies. Inclusion of this cohort of patients who had revision surgery, as was done in our study, creates a more-accurate picture of survivorship for a lumbar discectomy.
Our results show a high rate of dropout from the SAF5 and HORTHO databases. This is a significant limitation as we do not have complete information regarding why this cohort of patients left either the Medicare or Humana databases. Our analysis did show that younger patients were more likely to leave the private payer Humana database. Given the changing American economy during the years of the study (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) ) and the laws governing healthcare administration, there may be myriad reasons why young people left a private health insurance plan. An analysis of this dropout rate is largely outside the context of our study. Furthermore, it is curious that the rate of revision surgery for the SAF5 database was higher for those staying in Medicare for 5+ years while the rate of revision surgery for the HORTHO database was higher for those leaving Humana health insurance within 5 years of the index procedure. The higher rate of revision spinal surgery for patients who dropped out of the private health insurance may be related to inability to afford health insurance from increased disability attributable to failed back surgery. This theory, however, is difficult to prove in the context of the current study. Further research is required regarding the dropout rate from both databases. Persistent or recurrent symptoms after discectomy are associated with substantial utilization of healthcare resources. Ambrossi et al. [1] reported that revision surgery after discectomy was associated with an average cost of USD 39,836 per patient. With greater than 5% of patients undergoing a repeat surgery after discectomy, these direct costs are not insubstantial and indirect costs related to loss of productivity are likely to be large [8, 12] . Clearly, a substantial amount of resources is required for treatment of patients with recurrent disc herniations and strategies tailored to reduce the rate of revision discectomy could prove to be cost-effective.
When comparisons were made between patients 65 years and older versus those younger than 65 years, higher rates of revision surgery were found for younger patients. As with other surgical procedures, patients who are younger are likely more active and may be prone to recurrent symptoms after primary surgery [7, 15] . However, differences in revision surgery rate between patients 65 years and older versus those younger than 65 years were never more than 4.5%. Even though there may be a slightly higher rate of revision surgery for younger patients, they will still likely see improvements in clinical outcomes from operative treatment [10, 11, 16, 20, 22, 24] . We did not find any regional difference in survivorship of the discectomy. To our knowledge, this is the first report on regional variation in survivorship of lumbar discectomies. The lack of regional variation is likely attributable to the relatively objective indications for a revision procedure such as amount of disability, advanced imaging, and pain. Furthermore, these relatively objective indications for revision discectomies may explain why there was not any significant difference in survivorship between Medicare and Humana patients.
Our study shows high rates of cumulative survival at 5 to 7 years after an index lumbar discectomy. Survivorship for patients undergoing a lumbar discectomy was approximately 94% during 5 to 7 years in the HORTHO and SAF5 databases. The survivorship decreases substantially when a more broad definition of revision surgery including nondiscectomy procedures is used. Payer type and geographic region did not show a significant effect on survivorship for the lumbar discectomy procedure. We hope this information will help clinicians counsel patients on the precise risk of revision surgery after a primary lumbar discectomy. Furthermore, given the difference in revision rate when nondiscectomy-related procedures are included as revision surgeries it is important that clinicians explain that further degeneration of the lumbar spine may require larger surgeries after a primary discectomy. Future research is required to precisely define what constitutes a revision surgery after a lumbar discectomy. For instance, degeneration of an adjacent disc space requiring another discectomy and/or arthrodesis may not necessarily be related to the primary lumbar discectomy, but rather the natural course of lumbar degeneration. The effect of incorporating this revision surgery risk in the preoperative consultation will be an important avenue of investigation. These findings may be beneficial in creating realistic expectations for patients with a lumbar disc herniation. We hope these findings also may assist public policymakers and insurers when deciding how resources are allocated to patients during numerous years after a disc herniation given this known risk of revision surgery. This will be vital as accountable care organizations determine how people are treated during a number of years with various spinerelated diagnoses.
